This essay argues that museums are complex sites, standing at the intersection of scientific work and display. Three complementary approaches to analyzing museum buildings are suggested. The first focuses on the physical aspects of the buildings, their visual vocabulary and the ability to encode knowledge in material forms, and argues that architecture provided an arena where conflicts between the different parties involved were worked out. The second concerns the now familiar argument about the located nature of scientific knowledge, the particularity of sites and their relation to civic cultures, urban activities, or metropolitan concerns, and suggests further directions for research. The third approach treats the museum visitor as an active participant and examines the impact of buildings in terms of their architectural appeal to the emotions through sensory experience. Finally, buildings have enormous transformative potential and, as a manifestation of the material culture of science, tell us much about the changing place of the science museum in culture.
In designing museums, architects seem to pay little regard to the special purposes they are intended to fulfil. They often adopt the general arrangement of a church, or the immense galleries and lofty halls of a palace.
-Alfred Russel Wallace, 1869
"Man, Know Thyself," Descriptive Catalogue of the Liverpool Museum of Anatomy, 29 Paradise Street (Only Three Minutes' Walk from Church Street, Lord Street, and the Sailors' Home).
-Front cover of catalogue, circa 1871
Visitors approach the museum from the north-west. They emerge from a tunnel-like entrance to find themselves midway in the volume of space, facing the nose of the B52 Stratofortress. Around and beyond the enormous B52, they can survey a panorama of aircraft on every scale, some suspended from the roof, and some on the floor below, before proceeding with their tour.
-Foster and Partners, American Air Museum in Britain, AD Profile, 1997 * School of Arts and Media, University of Teesside, Middlesbrough TS1 3BA, England; s.forgan@tees.ac.uk. I am most grateful to the Editor of Isis and the other participants in this Focus section for their helpful suggestions and discussions of drafts of this essay; my thanks also to Anne Barrett and Simon Chaplin for supplying images so promptly and to Graeme Gooday, Stephen Hayward, Adrian Norris, and Jim Secord for information and comments. M   USEUMS STAND AT THE INTERSECTION of scientific work and public display and, as such, must be of major interest to scientific historians. Themes studied in recent years have included the museum's didactic role, the ways in which it has helped to shape knowledge, its civic status, and its diverse social and cultural roles. Buildings, however, pose particular difficulties for historians. There are differences in language and disciplinary training that have to be surmounted, not just between scientists and architects but also between museum people and historians working in a variety of scientific, architectural, and historical fields. This is illustrated at one level by the epigraphs that stand at the head of this article. The first, by a scientist, formed part of a practical critique of architects' tendency to build gloriously unsuitable buildings for the display of collections-a familiar complaint. The second is a production by a small owner-entrepreneur, concerned above all to draw the visitors in and careful to assist them in finding the museum. The third is by a member of a major international architectural practice, writing primarily for other architects in a lavishly illustrated journal, who is concerned with aesthetics and the spatial impact of the building as a key part of the visitor experience. 1 Studies of museums and their histories is an area that encompasses many fields and relates to larger national and even international cultural debates. Recent trends in such study are useful for scientific historians. Historians generally have moved beyond respectful institutional histories, and their characterizations have been influential. Thus we are accustomed to thinking of museums as cathedrals (sometimes of urban modernity), as ritual spaces or worthy monuments, as examples of colonial imitation of metropolitan institutions, as disciplinary structures, or even as ways to reimagine the city.
2 That these characterizations have frequently emerged from studies of art rather than scientific museums has not altered their appeal, and historians have used many of them, whether as metaphors or as exact descriptions. However, most historians today use such labels to reinforce the significance of place, as reminders that rationality was situated and that science was always part of the larger culture of its time and place. Before going further, it is important to remember the sheer number and variety of museums and what is actually constituted by the term "museum." At its core, a museum was (and still is) a collection, or series of collections, although there might be additional functions and other activities happening on the site. Collections enabled museums to be places where the most modern and up-to-date scientific knowledge was displayed and worked on. The museum site, however, might house a number of different organizations. In addition to cabinets and collections, a museum might contain the rooms of the local learned society, a library, a lecture theater, laboratories, and various official or professional offices as well as private apartments. For example, the Museum of Practical Geology, built in London between 1847 574 FOCUS-ISIS, 96 : 4 (2005) and 1851, housed the Mining Records Office, the headquarters of the Geological Survey and its collections, and the Royal School of Mines. Universities and hospitals frequently had museums, sometimes in distinct buildings but more often than not housed in apartments as transitory as the homes of the departments to which they were related. The museum, therefore, was not necessarily a single site but one that might overlap with other sites and other building types-botanical gardens, anatomy theaters, lecture halls, libraries, panoramas, exhibitions, even the field and the laboratory. 3 How the spaces for different functions evolved and what the relationships were between them provide fruitful areas for study.
How do the museum's architecture and location relate to developing themes in the history of science? I have chosen three angles from which to approach the subject, but they should not be regarded as mutually exclusive. First, we may ask what possibilities study of the physical materiality of the building reveals. To do this we have to locate the building in its own time and culture and then examine the degree to which ideologies might be encoded into its actual structure, through style and layout. Second, we may assess how location and the particularity of place have helped to shape the museum's credibility and relation to knowledge, which in turn have helped to shape aspects of the urban landscape. Finally, we may ask whether the analysis of spaces and of what are sometimes termed the "practices of place" provides a useful avenue to help us understand the nature of the museum experience, both for those who worked in museums and for their more transient visitors. As the title of this essay indicates, recurring themes run through the analysis. These relate, naturally enough, to knowledge-and to how particular sorts of knowledge relate to material culture. A further theme highlights the frequency of conflict between the various parties involved, both in the creation and throughout the life of the museum, though instances of harmony can also be found. A third raises questions about how to evaluate the role of buildings in creating an effect on the individual, as foregrounded in the notion of "practices of place" and the "museum experience." In reality, architecture, place, and experience are inextricably linked, and the following sections will focus on each in turn.
MATERIAL STRUCTURES AND EXPRESSIVE ARCHITECTURE
Buildings are artefacts in themselves, created at considerable expense and reflecting the intellectual and material context of the society in which they were founded. 4 In the case of a museum, the actual building (or its articulation within an existing building) is an integral part of the collection-and indeed this was the case long before the development of the formal museum building type. The degree to which the building exemplified a 3 E.g., the Smithsonian Institution, started in 1847 and added to fairly continuously ever since, housed several different museums (artistic, historical, and scientific), a library, laboratories, and lecture theaters, as well as the International Exchange Office and, of course, private apartments for the director. See Cynthia R. "type," the details of its initial design and construction, the development of the design, and the range of possible expressive meanings are always important. (See Figure 1. ) Obviously the point of creation is the key moment at which scientific ideas are given material form, but the same opportunities arise if a museum expanded, moved to a new location, or did substantial rebuilding and refurbishment. Architecture indeed often provided the arena in which issues were thrashed out; sometimes such resolution was left too late, by which time it was impossible to change the design.
In the case of a museum, the client might be one person, a board of trustees, a government department, a city council, or any combination of all of these. Scientists were generally involved, but not always as closely as they might have liked. Relations between architects and their clients were, not surprisingly, often fraught, bedeviled by issues of cost as well as the inability of clients to visualize precisely what they were getting. 5 Furthermore, the architect was not always a qualified professional in the modern sense but might instead be an amateur, a local builder or surveyor, a civil engineer, or even an army engineer. 6 Ideas about museums may also be studied through the competitions that took place periodically, and these in turn lead to other sources of contemporary comment. 7 In the later twentieth and the twenty-first centuries, the architectural competition is almost a sine qua non of any self-respecting museum board of trustees, eloquently indicative of visions and ambitions. A new museum building is a prestigious commission, offering architects the opportunity to make their mark on the international scene. But the degree to which architects, or indeed patrons, took account of the collections their designs were intended to house provides clues about the distance between architectural discourse and an understanding of science, as well as the personal relationships in each case.
For historians attempting to analyze historic buildings as buildings, the language of architectural writers is not always immediately helpful. Writers in the older historiographic tradition focused on the architect as individual creative genius. Analysis was therefore directed toward formal qualities of style and disposition; but this has changed radically over the last three decades.
8 Nevertheless, the architect and his attitude to style and disposition should not be dismissed as irrelevant. It is important to realize that Alfred Waterhouse's design for the Natural History Museum in London reflects its hidden metallic structure and, hence, that its style is not properly "Gothic" but, rather, a flexible eclecticism based on iron structures and terracotta facings. This is a building that is often referred to as a "cathedral of science," though that certainly does not encompass its architectural significance. "Cathedral" certainly was a term used by nineteenth-century writers, commentators, and even the occasional scientist, and it was therefore employed in the service of many different agendas.
9 Likewise, a "Gothic" style did not automatically confer some superior and respect-inducing status upon a building; nor did it always symbolize the F O C U S wresting of authority by science from ecclesiastical hands. It might simply have been the preference of an architect who could very well have chosen any of a number of styles in an eclectic age when a Gothic style was deemed equally appropriate for railway stations, public toilets, and drinking fountains. One feature of competitions is the variety of stylistic entries and, likewise, the variety and ferocity of the arguments as to which among them should be chosen. Style was certainly one way in which buildings were meant to express and convey meanings, and never more so than in the nineteenth century. However, that same visual vocabulary always allowed for a range of meanings, and we should be alert to the differences of opinion, both then and since, as well as to the fact that quite unintended meanings might be drawn from particular buildings.
In a more general sense, buildings for museums were frequently sites where disputes about knowledge or institutional claims between rivals might be worked out. London's Natural History Museum was the center of complex overlapping conflicts about nature, about the purpose of the institution, between proposed architects, and within the scientific community, the press, and the wider London public. 10 The Smithsonian Institution was the focus of recurring battles about what purposes should be served by its castellated building, designed to be reminiscent of an Oxbridge college.
11 In Stockholm, the building of the new Swedish Museum of Natural History, completed in 1916, was dogged by sixteen years of intense debate and conflict between botanists and zoologists about its layout and architecture and which design would best capture the institutional identity of the new museum and the curators' needs. 12 In other cases, particularly where there was a strong director, building proceeded fairly smoothly, even where the scientific field concerned might be contested, such as at the Museum of Practical Geology in London. Here indeed a system of knowledge was encoded into the building, as was also the case with the Oxford University Museum. 13 Equally, changes in and adaptations of buildings indicate how particular systems became outmoded-or even did not fit from the beginning.
The physical aspects of the museum are important too when grappling with problems of usage and audiences. (See Figure 2. ) Paula Findlen has shown that when the collector's studio became the galleria in early modern Italy, it was transformed from a place of solitude to a place of conversation and civil society, where pathways of friendship, collecting, and 
. The entrance on Jermyn Street was relatively unassuming, but once inside the visitors' attention was first caught by a few well-placed cases, large exhibits (the oversized tazza on the right), colorful marbles and stones used on the walls and for plinths, busts of the founding fathers of geological science, and light penetrating from the galleries overhead (top right). The internal volume and spaciousness of the museum, which adeptly used the entire area between Piccadilly and
Jermyn Street, could not be guessed from the outside.
visiting became an integral part of scientific culture.
14 The articulation of rooms and their layout within larger buildings marked how such changes took place. More recently, differentiation of users and their relative status has been encapsulated in the idea of a "front" and a "back," spaces for the public and spaces for those who worked in museums or, perhaps, for those who could be regarded as qualified to work with collections not on show, as in the design for the Natural History Museum in London. The idea of front and back is still used today, in part to justify the museum as the site of important scholarly and educational functions and in part to entice the visitor with the promise of glimpses of things going on out of sight, a hint of inclusion as an insider. 15 The analysis of divisions O C U S within buildings derives from Foucauldian ideas of maps of knowledge and disciplining audiences through surveillance, but it also draws on notions about heterotopias, centers of attraction and places of exclusion. 16 While useful in revealing a particular moment in the institution's history, physical divisions were, however, apt to change, and walls are more permeable than they might at first appear. A valuable additional dimension therefore is provided by examining the larger context of sites and place.
FROM SPACES TO SITES: LOCATION AND THE PARTICULARITY OF PLACE
Recent work has explored the conundrum that while science ostensibly derives its authority from its universality and placelessness, historians increasingly emphasize the way authority is closely related to how and where it is sited; hence the shorthand phrase "situated rationality." David Livingstone's synoptic survey, Putting Science in Its Place, adeptly emphasizes the defining character of location, whether in terms of site, region, or the circulation of knowledge.
17 For Livingstone, the museum occupies a distinctive niche in the development of scientific enquiry, both as a site of accumulation where objects were arranged in specified orders and as the location where people were taught to look at the world, to value the past, and to visualize relations between specimens. Other writers have emphasized the importance of museums in configuring geographies of power and space or the role of metropolitan museums in constructions of knowledge that endorsed imperial policies.
18
It is indeed almost taken for granted that museums in towns were sites of civic status and reputation, where buildings denoted respectability and acceptance into the ranks of the local bourgeois elite. There is, however, more to be learned about the ways that museums were both an ornament to the city and, as such, an ornament to science. Museums and their associated activities should be placed within current work on urban cultures, where the themes deal with the public sphere and the varying ways that culture was constituted, with ritual spaces and the rites of civic culture. Even small societies in relatively remote places ensured that they were seen as publicly useful bodies that contributed to the common good, and their public presence often centered on the creation of a local museum. 19 But were these simply variations on a theme, without real variations in local knowledge or local forms of organization? Much work has been done on natural history and its museums, but comparative studies are still generally lacking. Such studies would help us to see whether the sorts of conflict described earlier were radically dissimilar in different places, how problems arising from location were faced, and how scientific museums in different places and countries related to the larger museological world of which they were a part.
The importance of museums in major metropolitan centers cannot be overstated. This is obvious from the nineteenth century onward, especially in the clustering of museumsarts and sciences together-in museum quarters, such as in South Kensington in London or the Museumsinsel in Berlin. In Vienna, museums were part of a formal urban design scheme aimed at enhancing the city and impressing the visitor with the magnificence and importance of its institutions. Location and expertise together helped to create trust in the authoritative nature of knowledge. To site the Smithsonian in The Mall in Washington, D.C., was to give it immediate clout. We should also be alert to the fact that while in the nineteenth century only capital cities or major provincial towns established prestigious museum buildings, this is happening today in a host of other places. In part this is driven by competition and by urban regeneration schemes, both in the United States and in Europe, although it should be noted that using museums as agents of urban development is nothing new, and sensitivity to the politics of urban growth may be suggestive of rather different civic attitudes to the value of museums. 20 Another possibility is that museum creation in the European Union may be a response to the submerging of nations and a reemphasis on the region as the key unit. Regions build museums as a badge of identity, though they may choose international architects to convey that identity. The type and style of a museum, whether scientific or otherwise, is a response to geopolitical imperatives, but couched in a particular cultural language.
21
While the respectability of institutional buildings, at least initially, lends credibility to the knowledge embedded within museum displays and activities, there are other aspects that may be examined. A site may be acquired and a suitable edifice erected, but the resulting building is rarely isolated from its context and may be affected by the type and reputation of neighboring urban elements. Historians of science should be alert to such possibilities, and we can employ a "close focus" on the particularity of each element, such as the street or the square or the urban district, looking at the life lived in them and the 20 Not all museums managed to obtain, or retain, central sites in good positions. Some were encouraged to build in marginal areas in the hope that development there would be stimulated-e.g., the Museum of Natural History in Boston (1864) 21 This was the view of one Austrian commentator: "Today, decentralisation no longer means simply the actual regionalisation of arts policy, but is an expression of the equal standing of developed cultural-historical landscapes in a large-scale supra-national European context. The Europe of the future will also be a Europe of regions." Wolfdieter Dreibholtz, Museums-Positionen/Museum Positions (Salzburg: Residenz, 1992), p. 226. Frankfurt in the 1980s sought to redefine itself through the creation of a number of new museums. However, science and technology were not among the subjects covered, which says much about the place of science in contemporary urban public culture. On Frankfurt see Michaela Giebelhausen, "Symbolic Capital: The Frankfurt Museum Boom of the 1980s," in Architecture of the Museum, ed. Giebelhausen (cit. n. 2), pp. 75-107. F O C U S ways in which it was represented. What, for example, were the effects-if any-on the Museum of Practical Geology of the two Turkish bath establishments in the same street, one of rather questionable reputation? At a broader level, there are questions of how the particular class of institutions that museums are fits within studies of urban modernity, such as that undertaken by Lynda Nead in Victorian Babylon. 22 Questions of gender, with regard both to curators and to audiences, raise important issues that are only beginning to be studied, as Sally Gregory Kohlstedt argues in her essay in this Focus section. Questions relating to commodification need to be probed, rather than taken for granted. For example, museums in Britain from at least the 1880s-and in some cases earlier-were open on Sundays. A museum that is open on Sunday stands in a different relationship to the city than a museum that is open only on weekdays, when shops are also open and pedestrians or flaneurs easily metamorphose into customers. How do museums mediate between culture and commerce, a challenge that is all too obvious in the modern museum, which has ever-increasing space devoted to consumption? The activities of those on the premises may be predicated on any number of assumptions; and that leads us to the problem of how to analyze individual behavior.
PRACTICES OF PLACE: SPACES AND THE MUSEUM EXPERIENCE
Buildings-their sites and surroundings, their internal spaces, their external facades-all have qualities that affect both regular inhabitants and temporary visitors. The skilled architect deliberately manipulates the internal volumes, the solidity of walls, the play of light and shadow, the effects of scale and atmosphere, in order to create a building that is memorable and achieves the desired impact. Although architects often talked about "form" as merely the consequence of proper attention to a building's "function," we should not forget that, in the often-quoted words of Le Corbusier, "architecture is the masterly, correct and magnificent play of masses brought together in light." 23 Architecture is designed to appeal first to the emotions and then to the intellect.
Several areas of scholarship are relevant here. The first concerns the emphasis on wonder, long embedded in the vocabulary of museum display, as the term Wunderkammer suggests. The chronology and attributes of wonder are being reworked. 24 What is now termed the "Wow!" factor is arguably a direct descendant. Wonder is, moreover, linked to the well-acknowledged fact that museums were places for civilizing the working classes by diverting restless minds into acceptable forms of learning and encouraging a reverential frame of mind at the magnificence of a God-created world. Hence the extraordinarily long hours that the South Kensington Museum stayed open, so that it might be available to working men after hours. Other scholars have characterized the museum as a ritual space where a variety of civilizing rituals might be enacted, "in which all aspects of the museum play their part." 25 In the modern museum, therefore, we find a range of supporting facilities, such as quiet spaces, sitting areas, tearooms, or even sculpture courts for reflective meditation. The ways in which scientific museums were "civilizing" is a fruitful direction for research, investigating how the "proper" frame of mind was created in the visitor.
26
Recent work on embodiment-the importance of the body of the scientist and, indeed, of the reader and the spectator-is relevant here. 27 If we consider the museum visitor as an active participant, we can begin to relate buildings and spaces to types of audience reception, both intended and unintended. A consequent advantage is that such an approach gets away from a narrative that is centered on displays of knowledge disseminated to a passively receptive audience or on buildings that are similarly mutely accepted by visitors. A building or a space is saturated with qualities that have both an emotional and an intellectual impact. While rationality is situated, so too are people. Museum spaces are spaces of lived experience, for individuals and groups of people.
28 One example-a description of a visit to the Museum of the Royal College of Surgeons (see cover) in 1850-may serve to demonstrate the complexity of the visiting experience: [ The building] presents a cold stone, stately classic front, adorned by a row of tall Grecian columns, under which we pass to enter the place. In two minutes we are in a different world. Without, we left an atmosphere of life and living bustle; within, we find a stiller, calmer company. We walk amidst an abundant harvest yielded by death to teach the lesson of how life continues, and we come in absolute contact with some things that moved upon the earth before the Flood. About us are innumerable forms in which life has been. Now all are quiet in the serene dignity of death.
29
There are numerous elements here that could be highlighted-wonder, repulsion, awe, lessons of morality and mortality, the chill of contact with long-dead beings, reverence, silence, serenity. The experiences of audiences are infinitely variable and may be linked O C U S to the inner world of the imagination. The imagination is not simply stimulated by the eye but is shaped by all five senses, including even taste. 30 As early as 1856-1857 the South Kensington Museum erected temporary Refreshment Rooms, and such a facility was soon incorporated into the permanent buildings. 31 While obviously the eye is the most important, studies of museums have perhaps privileged it over the other senses to an inappropriate extent; some balance could be restored by looking more comprehensively at the body of the visitor. "Looking" in the museum requires standing in space, movement through space, and mobilizing the senses to create attention, before any response or understanding of what is exhibited can be achieved. (See Figure 3.) 
AN ARCHITECTURE OF MUSEUMS IN HISTORY OF SCIENCE?
Museums have many claims on the historian's interest. There is still much uncharted territory-for example, the personality museum, which is often located in the birthplace, home, or former workplace of a scientist. 32 Few would deny the importance of Down House for understanding Darwin's career and the shaping of his science. The scientific museum may also be the result of specific regional or political imperatives-the creation of numerous atomic museums is testimony to the pervasive influence of nuclear agencies in the postwar United States. 33 At the beginning of this essay, I wrote that museums "stand" at the intersection of science and display. It would be more precise to say that the intersection is never stable, that the physical, intellectual, and material context of the museum is constantly changing. Buildings were, and still are, expressive of ideologies encoded into their structure, though those ideologies were not necessarily long-lived, and we should be careful not to overanalyze the role of architecture. Struggles over knowledge, conflicts of disciplinary and personal interest, were acted out in the architectural arena, where communication and understanding between architects and nonarchitects was already difficult. The particular location of a museum could materially affect its standing and its outlook in a multitude of different ways. Individual scientists and curators regarded the visitor as a distraction or, occasionally, as having some degree of usefulness, depending on the contemporary shape of their discipline. Visitors' experiences of buildings and displays were, and still are, mediated by contemporary norms of sensory response and practices of place, and there are exciting ways that we may start to study these. Science museums today have to struggle to retain their place as a principal forum for the display of science, in competition with other sites and spectacular technologies, often by appropriating the techniques of their rivals.
34
A final thought for the historian: buildings have enormous transformative potential. 34 These rivals include shopping centers, science centers, television, and the Web. The response of museum designers in architectural and display terms is studied in Luca Basso Peressut, Musei per la scienza/Science Museums (Milan: Lybra Immagine, 1998) (text in Italian and English), which includes a worldwide discussion of traditional museums, discovery centers, themed museums, and the "scattered science museum" or large-scale ex-industrial site. With regard to the appropriation of techniques, note the crossover between entertainment and science in the London Science Museum's 2005 exhibition on the film of The Hitchhiker's Guide to the Galaxy, which includes a button for the Improbability Drive! F O C U S Museums die only if their collections are dispersed, but buildings may be changed and altered at will-and never more so than today. Shrines of industry and technology are metamorphosed into museums-as when power stations become art galleries (Tate Modern) and textile mills are turned into working museums (as in Manchester and Leeds in the United Kingdom or Lowell in Massachusetts) and steel mills into science centers ("Magma" in Rotherham, U.K.). Museums may be marvels of architectural bravura, drawing on technological expertise and images. 35 Cities become museums, with their cultural quarters and conservation areas, and suburban districts claim World Heritage status (Greenwich and Kew, London). Attention to the complexities of museum architecture, alongside studies of location, practices, and audiences, will lead to a greater understanding of how science is constantly and competitively repositioned within the economic, cultural, and intellectual spaces of the age.
